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Rates of serious infection dropped significantly after the joint change to buccal misoprostol from vaginal misoprostol and to either testing for sexually transmitted infection or routine provision of antibiotics as part of the medical abortion regimen. The rate declined 73%, from 0.93 per 1000 abortions to 0.25 per 1000 (absolute reduction, 0.67 per 1000; 95% confidence interval [CI] , 0.44 to 0.94; P<0.001). The subsequent change to routine provision of antibiotics led to a further significant reduction in the rate of serious infection -a 76% decline, from 0.25 per 1000 abortions to 0.06 per 1000 (absolute reduction, 0.19 per 1000; 95% CI, 0.02 to 0.34; P = 0.03).
Conclusions
The rate of serious infection after medical abortion declined by 93% after a change from vaginal to buccal administration of misoprostol combined with routine administration of antibiotics.
T he Planned Parenthood Federation of America (PPFA) is a federation of 97 independent local affiliates operating 880 health centers throughout the United States; roughly 300 of those health centers provide medical abortion. In 2008, a total of 96,738 women received medical abortions (abortion by means of medication), representing 32% of first-trimester abortions in Planned Parenthood health centers. Extensive data gathering during the use of mifepristone and vaginal misoprostol indicated that efficacy (successful medical abortion without the need for surgical intervention) was 98.5%; a subsequent audit of abortions performed with the use of buccal rather than vaginal misoprostol showed virtually identical efficacy. 1 Antibiotics have been routinely administered at the time of surgical abortions since the publication of a meta-analysis showing that their use resulted in a 42% reduction in postabortion infection rates. 2 When medical abortion was first introduced, there was little concern about the risk of infection, because there is no use of instruments in the cervix or uterus unless the procedure fails. However, it is clear that serious infections do occur. [3] [4] [5] [6] Data are lacking to compare the rates of serious infection with antibiotic treatment and the rates without such treatment among women undergoing medical abortion. The Food and Drug Administration (FDA) states that it "does not have sufficient information to recommend the use of prophylactic antibiotics for women having a medical abortion." 7 The current American College of Obstetricians and Gynecologists Practice Bulletin on medical abortion states that no data exist to support the routine use of preventive antibiotics for medical abortion. 8 By late 2005, four women in the United States and one in Canada had died from a rare bacterial infection, with Clostridium sordellii, after medical abortion with mifepristone and misoprostol. 9 In contrast, no such deaths had been reported in Europe, where medical abortion had been available longer and far more women had used it. One hypothesis for the difference was that vaginal administration of misoprostol was very common in the United States but not so common in Europe. 10 Another hypothesis was that periprocedural antibiotics were routinely provided in the United Kingdom but not in the United States.
Prompted by the deaths that occurred after medical abortion and internal data that show a higher-than-expected rate of serious infection, PPFA changed its medical abortion protocol at the end of March 2006. Vaginal administration of misoprostol was discontinued and replaced by buccal (or, much less commonly, oral) administration, and all health centers were required to use one of the following two regimens, with the intention of reducing the risk of infection: the routine administration of antibiotics or universal testing for chlamydia (and for gonorrhea when considered appropriate), with treatment dependent on test results. After reviewing the rates of serious infection among health centers that were using these two infection-reduction regimens, PPFA in July 2007 required all health centers to provide routine preventive antibiotic treatment. This report compares rates of serious infection before and after these changes in protocol.
Me thods

Study design
We obtained information about all patients who had a medical abortion from all 78 Planned Parenthood affiliates that provided this service at any time during the entire study period. A quarterly survey has been conducted by an administrator since 2001 to determine the number of patients undergoing medical abortion and the number of health centers providing it. In addition, all Planned Parenthood affiliates send a yearly report to the national office detailing the number of each clinical procedure provided (including medical and surgical abortions), and that report was used to verify the number of medical abortions in the quarterly surveys. Concordance between the two sources is high, with the annual reports containing 1.3% fewer cases than the quarterly reports; we used the caseload reported in the quarterly report, because the administrator of that report had much more frequent contact with the health professionals who reported these data than did the national office, collected data on a quarterly rather than an annual basis, and collected information only about medical abortions.
The Allendale Investigational Review Board approved the study protocol and design as a retrospective analysis of data routinely collected for quality control. The board determined that the use of these data did not require patients' consent.
The provisions of FDA approval stipulate that any physician who orders, provides, or supervises the provision of mifepristone must sign an agree-ment with the sole U.S. distributor of mifepristone (Danco Laboratories) to report all serious adverse events associated with its use. Serious adverse events include all ongoing pregnancies (pregnancies that continue after the use of mifepristone or misoprostol), hemorrhage requiring emergency treatment, serious infections, hospitalizations, potentially life-threatening events, and death. Danco submits all such reports to the FDA. Staff members at Planned Parenthood health centers were trained in accurate and complete reporting of serious adverse events. Adverse-event reports are centrally tracked and monitored. Planned Parenthood health centers are audited on site for internal accreditation by the PPFA. Since 2005, concurrent with the starting date of our analysis, the accreditation process has included auditing to verify that adverse events related to the use of mifepristone for medical abortions are submitted as required.
Because the diagnosis of mild postabortion infection is clinically highly subjective and there is substantial variation in how it is defined, we focused solely on serious infections. We classified as serious infections cases in which the patient had fever accompanied by pelvic pain and was treated with intravenous antibiotics either in an emergency department or inpatient unit, or cases in which sepsis or death caused by infection was documented. Information that generates reports of serious infection may arise from the patient, from the Planned Parenthood physician providing initial care or aftercare, or from a physician providing care for the patient in a hospital emergency department or inpatient unit. Many Planned Parenthood sites provide training to obstetrics and gynecology residents, and they were often the source of reports when Planned Parenthood patients were seen in the emergency department or hospitalized.
Follow-up visits routinely scheduled 1 to 2 weeks after ingestion of mifepristone provide an additional opportunity to evaluate whether a serious adverse event has occurred. The importance of the follow-up visit is emphasized to patients, and staff members are required to make three attempts to reach patients who have not returned for follow-up by the end of 2 weeks. However, information on the proportion of women who did not return for follow-up was not available through quarterly or yearly reports. The required attempts to contact patients uncovered several reports of emergency procedures at hospitals that meet the criteria for serious adverse events. In addition, surveillance by the Centers for Disease Control and Prevention (CDC) through multiple channels to identify deaths from infection-related causes after medical abortion did not find any cases other than those already known.
After March 2006, PPFA changed the route of administration of misoprostol from vaginal to buccal (200 mg of mifepristone followed 24 to 48 hours later by 800 μg of buccal misoprostol) or, much less commonly, to oral administration. In addition, Planned Parenthood health centers that provide medical abortion were required either to screen all patients for chlamydia (and gonorrhea if endemic rates or the patient's history or symptoms indicated the need) or to routinely provide prophylactic use of doxycycline (100 mg orally twice a day for 7 days, starting the same day as mifepristone administration) to all women. Doxycycline was chosen because it provides treatment against chlamydia, the most commonly reported sexually transmitted infection (STI) in the United States, and most gonorrhea strains 11 ; doxycycline also has in vitro efficacy against C. sordellii. 12 Theoretically, it might prevent an ascending infection and sepsis. Patients who had a positive test for an STI were treated with the standard CDC treatment recommendations, consisting of doxycycline for chlamydia (100 mg orally twice daily for 7 days), and ceftriaxone for gonorrhea (125 mg intramuscularly in a single dose).
Study procedures
We conducted analyses of events for the years 2005 to mid-2008 during four periods. Period 1 (January 1, 2005, through March 31, 2006) was the baseline 15-month period during which vaginal misoprostol and standard antiseptic measures were used for the abortion of fetuses through 63 days of gestation. Period 2 (April 1, 2006, through June 30, 2007) was the 15-month period during which buccal misoprostol was used through 56 days of gestation 13 (or, much less commonly, oral misoprostol was used through 49 days of gestation); some Planned Parenthood clinics used the infection-reduction measure of universal screening for STI and treatment when screening was positive, whereas others routinely provided antibiotics consisting nearly uniformly of 100 mg of oral doxycycline twice a day for 7 days. Period 3 (July 1, 2007, through December 31, 2007) was the 6-month period during which buccal misoprostol was used through 56 days of gestation and all health centers routinely provided the doxycycline regimen. Period 4 (January 1, 2008, through June 30, 2008) was the 6-month period during which buccal misoprostol was used through 63 days of gestation 14 and all health centers routinely provid ed the doxycycline regimen.
Rates of serious infection in all four periods were evaluated overall. They were also evaluated separately among two groups of health centershealth centers that switched in Period 2 to universal testing for STI (screen-and-treat) (Group 1), and health centers that switched in Period 2 to routine provision of antibiotics (Group 2).
Data were obtained from all Planned Parenthood health centers that provide medical abortion. For the present analyses, we excluded affiliates that did not provide medical abortion in all four periods and centers that in Period 2 provided routine antibiotics to only a subgroup of clients (e.g., those less than 25 years of age).
Statistical Analysis
We calculated 95% confidence intervals for rates as exact binomial confidence intervals. Fisher's exact test was used to assess the significance of differences in proportions. We tested for differences in relative declines in rates between the two groups using a test for homogeneity of risk ratios. Two-sided P values of less than 0.05 were considered to indicate statistical significance. Calculations were performed with the use of Cytel Studio software, version 8 (Cytel), or Stata 10 software (StataCorp).
R esult s
During the course of the study, 243,692 women underwent medical abortion at Planned Parenthood centers. After the exclusion of 15,869 women who did not meet eligibility criteria (<7%), the analysis population included 227,823 women, among whom 92 serious infections were reported.
During Period 1 in the analysis population, a total of 72,195 women underwent medical abortion; serious infections were reported in 67 women (0.93 per 1000 abortions). One death occurred in early 2006, from C. perfringens; this was the only death during the study periods. Rates of serious infection for each group in this and each subsequent period are shown in Table 1 and Figure 1 .
The 93% relative decrease in the rate of serious infection between Period 1 and Period 4 was an absolute reduction of 0.86 per 1000 (95% confidence interval [CI], 0.64 to 1.12; P<0.001). The rate of serious infection declined significantly between Periods 1 and 2 (absolute reduction of 0.67 per 1000; 95% CI, 0.44 to 0.94; P<0.001) and between Periods 2 and 3 (absolute reduction of 0.19 per 1000; 95% CI, 0.02 to 0.34; P = 0.03). Between Periods 3 and 4, the change in the rate of serious infection was not significant (absolute increase of 0.01 per 1000; 95% CI, 0.0 to 0.15; P>0.99).
Between Periods 1 and 2, there were significant declines in the rates of serious infection in both Group 1 and Group 2, but the relative decline was significantly greater in Group 2 (93% decline) than in Group 1 (61% decline) (relative risk ratio, 0.19; 95% CI, 0.04 to 0.89; P = 0.04). Between Periods 2 and 3, there were further declines in both Group 1 (significant) and Group 2 (nonsignificant), but the relative declines did not differ significantly (75% and 100%, respectively; P = 0.07); the combined relative risk in Period 3 as compared with Period 2 was 0.24 (95% CI, 0.03 to 0.97). In Group 1, the rate of serious infection fell from 1.15 per 1000 in Period 1 to 0.11 per 1000 in Period 3. Of this absolute decline in rate of 1.04 per 1000, 33% occurred between Periods 2 and 3.
Hospital records were available for review for 45 of the 92 cases of serious infection, and for an additional 30 cases, detailed summaries of the records were provided by a Planned Parenthood clinician either after consultation with a physician who provided treatment in the hospital or emergency department or after review of the records at the hospital. In 17 cases (18%), patients reported treatment with intravenous antibiotics in the emergency department, but medical-record verification was not available. In a secondary analysis excluding these 17 cases, results were materially unchanged, although the relative decline from Period 1 to Period 2 was no longer significantly greater in Group 2 than in Group 1.
Discussion
We observed significant and clinically important reductions in the risk of serious infections among patients who had undergone medical abortion after a change from vaginal to buccal administration of misoprostol and after the adoption of routine preventive treatment with antibiotics. Although the observational design of our study precludes a determination of cause and effect, it is plausible that the changes in practice patterns could explain the reductions in the rate of serious infection. Because PPFA instituted more than one measure at a time, it is difficult to estimate from our analyses the relative values of different interventions. However, the fact that Planned Parenthood health centers adopted two infection-reduction measures in Period 2 allows further exploration of this issue.
In Group 1 -the group of health centers that used the screen-and-treat strategy in Period 2 -one third of the decline in the rate of serious infection from Period 1 to Period 3 occurred between Periods 2 and 3, when the only regimen change was from screen-and-treat to routine antibiotic coverage. Moreover, the relative decline in the reported rate of serious infection from Period 1 to Period 2 was significantly greater in Group 2 than in Group 1 (in the analysis including all cases). These findings indicate that routine provision of antibiotics was associated with a greater reduction in serious infection than was the use of the screen-and-treat method. This finding could be explained by the fact that, with the screen-andtreat strategy, not all those who test positive return for treatment; also, even among those who do return for treatment, treatment is delayed for at least 2 days while they await test results.
Between Period 3 and Period 4, the only change in the regimen was an increase in the maximum gestational age at the time of medical abortion, from 56 to 63 days. Because there was no significant increase in the rate of serious infection from Period 3 to Period 4, it is unlikely that a decline in the maximum gestational age from 63 days in Period 1 to 56 days in Period 2 explains the decline over time in the rates of serious infection observed in both groups. , and Group 2 comprises health centers that switched in Period 2 to routine provision of antibiotics. CI denotes confidence interval. † The totals for the Planned Parenthood health centers include the following two groups of affiliates that were excluded from the analysis population: those that did not provide medical abortions in all four periods, and those that in Period 2 routinely provided antibiotics to a subgroup of women (e.g., all women younger than 25 years of age) and STI screening for the remaining women.
The rate of serious infection in Period 1 was substantially higher than the rates previously published, 3-6 even in one study that used Planned Parenthood data. 6 (This finding, along with the deaths from C. sordellii after medical abortion, prompted the changes in Period 2.) It is likely that previously reported rates are underestimates and that apparent increases from previously reported data reflect improved reporting of serious adverse events to PPFA. Specifically, the official Planned Parenthood medical standards and guidelines were changed in 2004 to require that all serious adverse events be reported centrally; also, as stated earlier, since 2005, the accreditation process has included auditing to verify that adverse events related to the use of mifepristone are submitted as required.
Potential limitations of our study should be noted. We do not have data available on the rates of follow-up of women after medical abortion, and it is possible that the reporting of serious infections is incomplete. A potential concern is that serious infections might have been more likely to be underreported during Periods 2 through 4, since the intense scrutiny that occurred during Period 1 (after the reports of deaths from clostridial infections) had waned. However, we consider this unlikely, since national conference calls and meetings that were focused on the risk of infection were ongoing during the time of the study. Moreover, during Period 2 a non-Planned Parenthood patient died from C. sordellii infection after she had had a medical abortion with buccal misoprostol but was not treated with antibiotics until she presented to an emergency department in toxic shock; information about that death was widely distributed throughout the Planned Parenthood community.
Although a randomized clinical trial would be the preferred approach to determine whether the use of buccal rather than vaginal administration of misoprostol might reduce the rate of serious infection and whether a strategy of routine antibiotic coverage is superior to a strategy of screening before treating, this study design would not have been feasible. Given the low rates of serious infection, such a design would have required a prohibitively large sample. The large population that receives care at Planned Parenthood centers allowed the discerning of changes over time in the rates of serious infection after medical abortion. In summary, the current report shows that changes in PPFA policies for medical abortion that involve replacing vaginal administration of misoprostol with buccal administration and, later, providing routine antibiotics coupled with a highly monitored, systemwide surveillance network were associated with significant reductions in the rates of serious infections. We thank all Planned Parenthood staff for their conscientious work and Germán Rodríguez and Kelly Cleland for help with the analysis. 
